We have isolated a novel homeobox gene that is expressed in the vertebrate central nervous system and which shows striking similarity to the Drosophila al gene in the homeodomain (85% identity) and in a 17 amino acid-sequence near the carboxyl-terminus. This gene was designated Arx (aristaless related homeobox gene) in consideration of its structural similarity to the al gene. Arx was highly conserved between mouse and zebrafish. Neuromeric expression in the forebrain and longitudinal expression in the floor plate were observed in mouse and zebrafish. The expression of Arx in the ganglionic eminence and ventral thalamus overlapped regionally with that of Dlxl, but the cell layer where Arx is expressed differed from that of the Dlxl. This gene was also found to be expressed in the dorsal telencephalon (presumptive cerebral cortex) of mouse embryos. The structure and expression pattern of Arx with respect to any possible relationship to al and Dlxl, as well as the function of Arx in the floor plate are discussed.
Introduction
The extremely intricate structure of the vertebrate brain is formed by successive regional specification of the anterior neural tube. Not only the formation of neuromeres in brain vesicles, but also the differentiation of neuronal subtypes within each neuromere and subsequent axonal guidance appear to occur in accordance with regional specification in the developing brain (Figdor and Stem, 1993; Macdonald et al., 1994; Mastick and Easter, 1996) . Regional specification has been primarily studied by examining the regional and temporal expression of various putative transcription factors and signaling molecules, and on the basis of this, a prosomeric model for the developing brain has been proposed (Puelles and Rubenstein, 1993; Rubenstein et al., 1994) .
Otx2, the earliest homeobox gene to be expressed in the brain, is found in the anterior regions of the mouse embryo during gastrulation and in the forebrain and midbrain by El0.5 dpc (Simeone et al., 1992a (Simeone et al., , 1993 Boncinelli et al., 1993) . During forebrain development, the regional expression of Otxl by E8.5 dpc follows that of Otx2 (Simeone et al., 1992a (Simeone et al., , 1993 Boncinelli et al., 1993) . Emxl and BF-1 are subsequently expressed in the telencephalon, while Emx2, Pax6, Dlxl and Dlx2 are expressed in different subdivisions of the telencephalon and diencephalon (Price et al., 1991; Walther and Gruss, 1991; Simeone et al., 1992a,b; Tao and Lai, 1992; Boncinelli et al., 1993; Bulfone et al., 1993a,b; Chalepakis et al., 1993; Price, 1993; Hatini et al., 1994) . Thus, forebrain formation appears to occur in a stepwise manner. Gene targeting of transcription factors has been attempted to obtain clues to the significance of neuromeric metamerization for brain development. Knockout mice deficient in Otx2 have abnormalities in the head region, and in some cases the entire head is even missing (Acampora et al., 1995; Matsuo et al., 1995; Ang et al., 1996) . Thus, Otx2 appears to be indispensable to head formation, including brain development. A null mutation of BF-1 greatly reduces the size of the cerebral hemispheres, suggesting that BF-1 controls morphogenesis of the telencephalon by regulating the rate of neuroepithelial cell proliferation and the timing of neuronal differentiation (Xuan et al., 1995) .
Although the expression of transcription factors in the forebrain has been extensively studied, with clarification of their possible functions in some cases, the mechanisms of forebrain formation still remain less clear compared to those of the midbrain. One reason for this is that an organizer region for forebrain formation has yet to be identified. In midbrain formation, the isthmus has been identified as an organizer region, and FGF8 and Wntl in the isthmus are known to function as critical signaling molecules (BallyCuif and Wassef, 1994; Ang, 1996; Crossley et al., 1996; Danielian and McMahon, 1996; Joyner, 1996) . In the spinal cord, the floor plate acts as an organizing center for neuronal differentiation and axonal guidance (Tessier-Lavigne et al., 1988; Placzek et al., 1990 Placzek et al., , 1991 . Sonic hedgehog (Shh) protein in the floor plate is considered to mediate the differentiation of motor neurons (Echelard et al., 1993; Roelink et al., 1994 Roelink et al., , 1995 Ericson et al., 1995; Martf et al., 1995; Chiang et al., 1996) . The forebrain has no floor plate but shows expression of Shh. Thus, in a search for an organizer region for forebrain formation, an equivalent of the floor plate in the forebrain needs to be identified, and the roles of Shh in the forebrain should be clarified.
Homologues of genes involved in the development of Drosophila have been shown to participate in the regional specifications of vertebrate brain development and for this reason, the molecular mechanisms of brain formation are held to be highly conserved throughout a broad range of species (Finkelstein and Boncinelli, 1994) . However, the structure of the vertebrate brain is more complex compared to the central nervous system of Drosophila, indicating the possible existence of additional molecular mechanisms specific for vertebrate brain formation. In order to identify such factors, we isolated and characterized novel homeobox genes in the developing forebrain. One novel factor was found to be highly similar to the Drosophila al gene in the homeodomain (85% identity) and in a 17 amino acidsequence near the carboxyl-terminus (88% identity) (Schneitz et al., 1993) . The gene was designated Arx (aristaless related homeobox gene) in consideration of its structural similarity to the al gene. Expression of Arx was detected not only in the developing forebrain, but also in the floor plate. Arx is highly conserved between mouse and zebrafish, and thus appears to be indispensable for vertebrate CNS development.
Results

Isolation of the novel homeobox gene, Arx
A novel homeobox gene, Arx, was obtained from a mouse of Development 65 (1997) [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] cDNA library of El0.5 dpc head region by screening at low stringency using a cDNA (1.8 kb) probe of the prd-like/ bicoid type homeobox gene (Mbx; isolated in a previous study by PCR using degenerated primers for the otd/ems homeobox; unpublished data) expressed in the midbrain. The zebrafish homologue was subsequently isolated from a cDNA library of 24-h embryos using the mouse cDNA (2.5 kb) of Arx as a probe.
Characterization of the Arx gene
An alignment of the deduced amino acid sequence of Arx in mouse and zebrafish and a comparison of the homeodomains of related proteins are shown in Figs. 1 and 2A , respectively. The homeodomain of Arx belongs to the prd-like class which contains aristaless (al), Cartl, smox3, alx3 and Arixl, and appears to be most closely related to the homeodomain of al (85% identity) ( Fig. 2A ) (Btirglin, 1994) . The sequence similarity with al extends into the 16 amino acid-residue region that is C-terminal to the homeodomain (Fig. 2B) . Genomic DNA sequence analysis indicated that Arx has an intron at the same position in the homeodomain as al (arrowhead in Fig. 2A ). The designation Arx (aristaless related homeobox gene) is based on these findings. A stop codon upstream from the first ATG codon of Arx in the mouse was identified at position -52 ('A' of the initiation codon ATG as +1).
A comparison of the full length deduced amino acid sequences of Arx, al and Cart1 revealed that a 17 amino acid-sequence near the carboxyl-terminus is highly conserved (Fig. 2C) . A survey of GenBank 95 indicated that the sequence is also conserved in several other prd-like type homeoproteins (Fig. 2C) . The conserved sequence was designated C-peptide domain because of its position near the carboxyl-terminus. Arx was most closely related to al with respect to homology in the C-peptide domain.
The results of Northern blot analysis demonstrated a single transcript of approximately 3 kb in mouse (3.2 kb) and zebrafish (2.8 kb) (Fig. 3) . The amino acid sequence of homeodomain was completely conserved between the mouse and zebrafish homologues (Fig. 1) . Striking sequence identity was noted, not only in the homeodomain, but also in regions upstream and downstream of the homeodomain. A conserved sequence in front of the homeodomain was split by the presence of several divergent sequences (conserved domains are indicated by underlining in Fig. 1 ).
Expression of the Arx gene in zebrafish embryos
The expression of the zebrafish Arx gene at several developmental stages was studied by whole mount RNA in situ hybridization. Expression was initially detected at 10 h in the region of the presumptive diencephalon (Fig. 4A and 4B) and at 12 h in the caudal telencephalon and diencephaIon (Fig. 4C) appeared in the floor plate and in the somites ( Fig. 4D and 4E). At 20 h, additional signals were found in the rostral telencephalon in the form of a spot (arrows in Fig. 4F and 4G). At 24 h, the area of expression in the telencephalon took on a band-like shape along the telencephalon/diencephalon boundary (arrows in Fig. 4H and 41). A band-like shape was also noted for this area within the diencephalon (al: Schneitz et al., 1993; Cart1: Zhao et al., 1993; smox3: Webster and Mansour, 1992; alx3: Rudnick et al., 1994; Arixl: Zellmer et al., 1995) . B: Sequence similarity downstream of the homeodomain. Dots indicate amino acids identical to mouse Arc. C: Alignment of C-peptide domain in various prd-like homeobox gene products. Amino acids identical to those of Arx are shown as dots (ChxlOA: Liu et al., 1994; Prx-l: Nohno et al., 1993; Prx-2: Opstelten et al., 1991; Phoxl: Grueneberg et al., (unpublished, Genbank M95929) ; Otp: Simeone et al., 1994) .
and it extended inside the ventral thalamus ( Fig. 4H) . By 40 h, another area of expression could be seen in the hypothalamus (Fig. 4J ). All these three areas of Arx expression closely resembled those of the zebrafish Dlx gene, zdlx2/4 (telencephalic band, diencephalic band and hypothalamus) (Akimenko et al., 1994) . In the cyclops mutant, Arx signals in the telencephalon and diencephalon could be seen in the dorsal but not in the ventral sides (Fig. 4K) . Arx expression . Northern blot analysis using the Arx cDNA homologues of each species as probes, mRNA was extracted from the head of a El0.5 dpc mouse embryo and the whole body of a 24-h zebrafish embryo. Arrow heads indicate transcripts in each species. Approximate transcript sizes are 3.2 kb (mouse) and 2.8 kb (zebrafish).
in the dorsal diencephalon extended caudally compared to the wild type, likely because a fused eye enters the region between the telencephalon and diencephalon in the cyclops mutant ( Fig. 4K ) (Hatta et al., 1991) . In this mutant, no Arx signals could be seen in the floor plate, although the signals in the somites had a normal appearance (Fig. 4L) .
Expression of the Arx gene in mouse embryos
In the brain of mouse embryos, the Arx signal was first detected at E9-9.5 dpc in the dorsal telencephalon, anterior diencephalon and in the boundary region between the midbrain and hindbrain, the isthmus (Fig. 5A) . At El0 dpc, expression was observed in the dorsal telencephalon and became particularly intense in the presumptive ganglionic eminence and ventral thalamus (Fig. 5B) . At this stage, the signal could no longer be detected in the isthmus. At E11 dpc, expression in the dorsal telencephalon (presumptive cerebral cortex) became stronger, though no Arx signal was detected in the hippocampus ( Fig. 5C and 6C ). The region of expression in the medial ganglionic eminence was expanded by E11 dpc (Fig. 5C) . The intense signals in the ganglionic eminence and ventral thalamus interposed by the optic recess may possibly correspond to the two bands of expression adjacent to the boundary between the telencephalon and diencephalon in zebrafish (Fig. 4H) . Arx was also expressed in the eminentia thalami, the preoptic area and the postoptic area (Fig. 5C ). Nasal epithelium showed no Arx signal (Fig. 5C ). Arx expression was evident in the floor plate at E9-9.5 dpc ( Fig. 5D and 5E ). Weak Arx expression was present in somites at E9 to 11 dpc (not shown).
A comparison of the modes of expression of Arx and Dlxl in the mouse embryo was conducted (Fig. 6 ). In the rostral forebrain of E11 dpc embryos, Arx signals were present in the ventricular zone of the dorsal telencephalon (presumptive cerebral cortex) but could not be detected in the cingulate cortex or septal area (Fig. 6A) . Arx signals were intense in the intermediate and mantle zones of the presumptive ganglionic eminence (Fig. 6A) . Signals of Dlxl were confined to the presumptive ganglionic eminence and were conspicuously evident throughout the ventricular, intermediate and mantle zones (Fig. 6B ). In the caudal forebrain, Arx expression differed distinctly from that of Dlxl ( Fig. 6C and 6D). Arx signals in the dorsal telencephalon (presumptive cerebral cortex) were observed in the ventricular zone as well as in the lamina terminalis (Fig. 6C) . Dlxl signals were present in the rostral end of the ventral thalamus (Fig.  6D ). In the medial ganglionic and presumptive lateral ganglionic eminences, weak Arx signals could be seen in the ventricular zone while those in the intermediate and mantle zones were strong (Fig. 6C) . Dlxl signals were present throughout the venlricular, intermediate and mantle zones of the medial ganglionic and presumptive lateral ganglionic eminences (Fig. 6D) . At El2 dpc, Arx expression was found to extend throughout the medial and lateral ganglionic eminences, but could be only weakly detected in the ventricular zone (Fig. 6G) . Dlxl signals were present throughout the ventficular, intermediate and mantle zones of the medial and lateral ganglionic eminences (Fig. 6H) . Arx and Dlxl expression in the ventral thalamus was the same as that in the ganglionic eminence at Ei 1 and El2 dpc (Fig. 6E, 6F, 6I and 6J). Arx signals were intense in the intermediate and mantle zones, but weak in the ventricular zone ( Fig. 6E and  61) , whereas, Dlxl displayed intense signals throughout the ventricular, intermediate and mantle zones of the ventral thalamus ( Fig. 6F and 6J ). At El2 dpc, Arx and Dlxl expression was apparent in the hypothalamus (Fig. 61 and 6J) . Arx expression in the ventricular zone of the dorsal telencephaIon gradually weakened during course of development of cerebral cortex (Fig. 6A, 6C , 6G and 6I). Intense Arx signals were seen in the floor plate (Fig. 6K) . Dlxl also was detected in the mandibular arch (Fig. 6F) . Expression of Dlxl, but not of Arx, was evident in the ectoderm of the limb buds ( Fig. 6K and 6L ).
Discussion
The mouse and zebrafish Arx gene characterized in this study was found to possess remarkable similarity with Drosophila al in its homeodomain and C-peptide domain. Arx expression in the ganglionic eminence, ventral thalamus, hypothalamus and floor plate was found to be highly conserved between the zebrafish and mouse. In addition to this common pattern of expression, Arx expression was evident in the dorsal telencephalon (presumptive cerebral cortex) of the mouse. Fig. 4 . Whole mount in situ hybridization with Arx probe to zebrafish embryo at different stages of development. The rostral side of lateral views is shown on the left. In C, F-K, the yolk has been removed. Lateral (A) and dorsal (B) views at 10 h; signals were detected in the presumptive dieneephalon. Lateral (C, D) and dorsal (E) views at 12 h; signals appeared as a spot in the caudal telencephalon (arrow) in addition to the diencephalon (C). Signals in caudal telencephalon disappeared during the course of development. Floor plate (D) and somites (E) were positive. Lateral (F) and dorsal (G) views at 20 h; signals were detected in the diencephalon and rostral telencephalon. An arrow indicates signals in rostral telencephalon. Lateral (H) and dorsal (I) views at 24 h; two bands of expression were found along the boundary between the telencephalon and diencephalon. Expression detected in the telencephalon at 20 h extended anteriorly (arrow). Expression in the diencephalon was noted in the ventral thalamus. Lateral view at 40 h (J); signals were detected in the hypothalamus (arrow). Lateral view of the head of a cyclops mutant at 28 h (K); the expression in the ventral part has disappeared and the band of expression in the diencephalon has shifted more caudally on the ventral side. Dorsal view of wild type and cyclops mutants at 28 h (L); the cyclops mutant is shown to the fight of the wild type. In the cyclops mutant, expression in the floor plate was not detected, but that in somite persisted normally, d, diencaphalon; fe, fused eye; fp, floor plate; hy, hypothalamus; or, optic recess; pd; presumptive diencephalon; sm, somite; t, telencephalon; vt, ventral thalamus. Bar: 250 #m (A, B, D, E, L), 100 ttm (C, F-J, K).
Homeodomain and C-peptide domain
The homeodomain encoded by Arx showed the highest degree of similarity to that of Drosophila al (85% identity) (Schneitz et al., 1993) . However, no strict correlation could be detected between Arx and al with respect to their modes of expression and predicted functions. Cartl, smox3, alx3 and Arixl are also homeobox genes that share high homology with the al homeodomain (Webster and Mansour, 1992; Zhao et al., 1993; Rudnick et al., 1994; Zellmer et al,, 1995) .
Thus, we conclude that Arx is an al related homeobox gene and not just an al homologue. When Southern blot analysis was done at high stringency using the Arx homeobox as a probe, an intense band was detected in addition to the expected signal from the Arx gene in the mouse (not shown). Thus, Arx may constitute a family of genes in the mouse as do Otx, Emx and En.
The C-peptide domain was found in several homeoproteins belonging to the prd-Ftke class, but not in other classes of homeoproteins. The possible relation of the C-peptide domain with a conserved sequence in the Otp homeoprotein is suggested by sequence similarity and the nearly identical positions of this sequence in the two proteins (Simeone et al., 1994) , Transactivation activity is reduced when this sequence is deleted from the Otp homeoprotein. Thus, the function of the C-peptide domain in Arx and al may be essentially the same as in Otp.
While the amino acid sequence of Arx present C-terminal to the homeodomain is relatively conserved between zebrafish and mouse, divergence in the domains present N-terminal to the homeodomain are apparent. It is unlikely that this divergence is due to alternative exon usage; PCR analyses designed to detect alternative products in the divergent sequences did not reveal the existence of other types of transcripts (not shown). This is further supported by the detection of only one band in Northern analysis.
Expression in the developing brain
In the forebrain of both zebrafish and mouse embryos, Arx expression was found to be similar in the ganglionic eminence, ventral thalamus and hypothalamus; in the mouse, however, expression expanded to cover the presumptive cerebral cortex as well.
In the mouse, intense expression of Arx was detected in the intermediate and mantle but not the ventricular zones of the ganglionic eminence and ventral thalamus. Arx expression in zebrafish diencephalon was initially detected at 10 h, following the expression of zotxl and nk2.2 at 6.5 h and 9.5 h, respectively (Li et al., 1994; Mori et al., 1994; Barth and Wilson, 1995 are also expressed in the ganglionic eminence and ventral thalamus (Price et al., 1991; Bulfone et al., 1993a, b; Price, 1993; Akimenko et al., 1994 the dorsal telencephalon, anterior diencephalon and the isthmus. B: Pamsagittal view at El0 dpc; intense signals were detected in the presumptive ventral thalamus and ganglionic eminence. The dorsal telencephalon was also signal positive. No signal was detected in the isthmus. C: Parasagittal view at E11 dpc; signals were detected throughout the dorsal telencephalon (presumptive cerebral cortex) although no signals were observed in the hippocampus. Signals in the ganglionic eminence were more conspicuous than those seen at El0 dpc. Eminentia thalami, preoptic area and postoptic area were also signal positive. No signal was detected in the nasal epithelium. D: Midsagittal view, and E: Cross view in the trunk at El0 dpc; expression in the floor plate was detected. Expression was seen posteriorly from the boundary between the diencephalon and the midbrain, c, presumptive cerebral cortex; emt, eminentia thalami; fp, floor plate; g, ganglionic eminence; h, hippocampus; is, isthmus; ne, nasal epithelium; or, optic recess; poa, preoptic area; psa, postoptic area; vt, ventral thalamus. Bar: 200 #m. expression pattern similar to that of Dlxl, is detected primarily in the subventricular zone (Porteus et al., 1994) . The differences in the expression layer in the ganglionic eminence and ventral thalamis for the Arx and Dlx genes suggest that each gene has its own characteristic role in the neuronal differentiation of the ganglionic eminence and ventral thalamus. The Drosophila homologue of the Dlx genes, dll, is expressed in the leg imaginal disc and is indispensable for the formation of the distal structures of appendages (Cohen et al., 1989) . al Is expressed in the same disc and is also involved in the formation of the distal appendage structure (Schneitz et al., 1993) . The expression of al and dll is colocalized in antennal limbs (Cohen, 1990) . With regard to the conservation of developmental genes between vertebrates and Drosophila, it is of interest that the expression of Arx and Dlxl is regionally colocalized in the ganglionic eminence and ventral thalamus. However, the expression of Arx and Dlxl was found to differ in other regions. Arx is expressed in the floor plate, but was not in the limb buds or mandibular arch. In contrast, Dlxl is expressed in the limb buds and mandibular arch but not in the floor plate. Thus, undue emphasis should not be placed at this point on colocalization of Arx and Dlx gene family expression in the forebrain. There is still a possibility that another Arx family member may be found to be expressed in the limb buds or the mandibular arch along with Dlxl.
In the mouse, Arx expression was detected in a specific region of the presumptive cerebral cortex but not in the hippocampus, suggesting that its expression is specific to the neocortex. This expression pattern differs from those of Otxl, Emxl and Emx2 which are expressed throughout the cerebral cortex, including the hippocampus (Simeone et al., 1992b (Simeone et al., , 1993 Frantz et al., 1994) . The different patterns of Arx and Otxl expression in the mouse presumptive cerebral cortex agree with the finding that zotxl is expressed in the zebrafish dorsal telencephalon (Li et al., 1994) , whereas Arx expression is negative in the dorsal telencephalon of zebrafish and quite weak or apparently absent in the chick dorsal telencephalon (not shown). The differences seen in Arx expression in the dorsal telencephalon among vertebrates are consistent with the idea that the neocortex is first formed in mammals during the process of evolution (Northcutt and Kaas, 1995) . The cingulate cortex is situated between the neocortex and archicortex, although its origin remains to be clarified. Arx expression was negative in the cingulate cortex, suggesting that it is a part of the archicortex.
Arx expression in the presumptive cerebral cortex was observed in the ventricular zone, while Arx expression in the ganglionic eminence and ventral thalamus was detected in the intermediate and mantle zones. These differences in Arx expression suggest differences in the functions of Arx in the presumptive cerebral cortex and the ganglionic eminence or ventral thalamus. Arx expression was observed prior to Dlxl expression in the cerebral cortex (detected after El4 dpc, not shown) and persisted, albeit with reduced intensity, during cerebral cortex development. The continued expression of Arx may be essential for the differentiation and maintenance of specific neuronal subtypes in the cerebral cortex.
Expression in the floor plate
The floor plate is necessary for motor neuronal differentiation and the guidance of the commissural axon in the spinal cord and midbrain (Placzek et al., 1990 Yamada et al., 1991 Yamada et al., , 1993 Shirasaki et al., 1995; Tamada et al., 1995) . Differentiation of the motor neurons is considered to be mediated by the Shh product in the floor plate (Roelink et al., 1994 (Roelink et al., , 1995 Ericson et al., 1995; Martf et al., 1995; Chiang et al., 1996) . We found that Arx is expressed in the floor plate of mouse and zebrafish. Expression in zebrafish first became evident in 12-h embryos, which is later than the expression of Shh (Krauss et al., 1993) . Arx is, thus, not likely to regulate Shh and the presence of Arx in the floor plate might be non-functional, at least for motor neuron differentiation. It is possible that Arx is involved in axonal guidance in the floor plate. Arx may control the expression of axonal guidance molecules such as netrin-1 Serafini et al., 1994) . Although the genetic linkage between Arx and cyclops gene is not yet clear, the decrease in GABA-interneurons and abnormal fascicle formation in the medial longitudinal fascicles in the cyclops mutants may be related to the absence of Arx expression (Hatta, 1992) .
Whether the role of Arx in the forebrain is the same as that in the floor plate is a matter of interest and importance. The floor plate extends posteriorly from the boundary between the diencephalon and midbrain, while regions with floor plate-like activity are induced in the dorsal midbrain by an ectopic expression of HNF-313 (Sasaki and Hogan, 1994) . Thus, regions in which floor plate-like activity can be induced may be latently present in various regions of the brain. Shh is expressed in the basal region and zona limitans intrathalamica of the forebrain as well as in the floor plate (Shimamura et al., 1995) . It would follow then that some aspects of floor plate function may be introduced into the forebrain by the Shh expression. Although the mechanism for the control of Shh expression is not clear, one may speculate that the same transcription factor may be involved in the forebrain and floor plate. It is not likely, however, that Arx controls the expression of Shh, in consideration of the differences observed in the timing and expression patterns of Arx and Shh. Arx may regulate the transcription of other genes expressed both in the forebrain and the floor plate. Further research on Arx function should provide answers as to the possibility of Arx being involved in the introduction of certain floor plate-like activities into the forebrain, and should eventually resolve the issue of whether or not there exists an organizer region in the vertebrate forebrain.
Experimental procedures
Experimental animals
Wild type zebrafish Danio rerio (Oregon AB line) and the mutant cyclops strain were obtained from H. Takeda (University of Nagoya, Japan) and C. Kimmel (University of Oregon, USA), respectively. Fish were maintained at 28°C.
cDNA cloning and sequencing
The cDNA libraries of mouse El0.5 dpc embryo heads and zebrafish 24-h whole embryos were screened by plaque hybridization. Restriction fragments of cDNA were subcloned into pBluescript II (Stratagene). DNA sequencing was conducted by the dideoxy-termination method using Sequenase (U.S. Biochemicals), according to the instructions of the manufacturer. Sequences were analyzed by Genetyx-SV/R ver 8.0.3.
Northern blot analysis
Total RNA was extracted by acid guanidinium thiocyahate-phenol-chloroform extraction (Chomczynski and Sacchi, 1987) . Poly (A)÷RNA was purified with Oligotex-dT30 (Roche). RNA was denatured with glyoxal and dimethyl sulfoxide and then separated on a 1.2% agarose gel in 10 mM sodium phosphate (MacMaster and Carmichael, 1977) . RNA was transferred to a Hybond-N plus membrane (Amersham).
Whole mount in situ hybridization in zebrafish embryos
Embryos at different developmental stages were dechorionized and fixed in 4% paraformaldehyde overnight. Whole mount in situ hybridization was conducted essentially according to Wilkinson (1993) . Antisense and sense RNA probes were transcribed in vitro from a linearized plasmid containing the zebrafish Arx cDNA insert (a 565-bp fragment: overlapping homeobox) using an RNA transcription kit (Stratagene) and digoxygenin-UTP (Boehringer). The probes were not alkaline treated. The sheep antidigoxygenin antibody (Boehringer) was preabsorbed for 2 h at room temperature with zebrafish acetone powder. The corresponding sense probe failed to show any signals.
In situ t~ybridization in mouse embryo
Embryos at different developmental stages were fixed in 4% paraformaldehyde overnight, embedded in Paraplast (Oxford Labware) and cut into 10-/~m thick sections. In situ hybridization of sections was conducted essentially as described by wilkinson (1993) . Antisense and sense RNA probes were transcribed in vitro from a linearized plasmid containing the mouse Arx cDNA insert (a 975-bp fragment overlapping the homeobox) or Dlxl cDNA insert (Price et al., 1991) using an RNA transcription kit (Stratagene) and [35S]-UTP (Amersham). The probes were treated with alkaline for size reduction to an average 150 nucleotides (Cox et al., 1984) . After autoradiography, all sections were stained with Gill's Hematoxylin (Polyscience). The corresponding sense probe failed to show any detectable signals.
